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Abstract: A concise chemoenzymatic synthesis of glucose-6-phosphate is described. Candida 
rugosa lipase was found to be an efficient catalyst for both regio- and stereoselective 
deacetylation of the primary hydroxyl group in the peracetylated D-glucose. In addition, we 
report an improved synthesis of 1,2,3,4,6-penta-O-acetyl--D-glucopyranose providing a 
large-scale procedure for the acetylation of -D-glucose without isomerization at the anomeric 
center. The high overall yield and the easy scalability makes this chemoenzymatic strategy 
attractive for industrial application. Furthermore, molecular modeling of phosphonate 
transition-state analogue for the enzymatic hydrolysis step supports the substrate selectivity 
observed with Candida rugosa lipase. 
 
Introduction 
D-Glucose-6-phosphate (G-6-P) is vital to the glucide metabolism for higher organisms. It appears 
as an intermediate in several relevant routes such as glycolysis, gluconeogenesis, and in the 
synthesis and degradation of glycogen. Moreover, it has been widely used in pharmaceutical and 
medicinal chemistry applications. G-6-P is a normal constituent of the resting muscle and used in 
cases of low blood pressure, anesthesiology, asthenia, cardiology, and alcoholism.
[1]
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aluminum (III), which accumulates in the organism is associated with some human pathologies, 
where G-6-P plays an important role in the intake and circulation of this ion in biological media.
[2]
 
Conjugation of food proteins with G-6-P was useful in improving its functional properties such as 
water solubility, emulsifying activity, foaming and gel-forming properties.
[3]
 On the other hand, this 
metabolite is a key intermediate in the biosynthesis of clinically important 2-deoxy-streptamine-
containing aminocyclitol antibiotics
[4]
 and has proven to also be the metabolite involved in the 
stimulation of lipogenic enzyme gene expression.
[5]
 
 Robison and King
[6]
 were first to isolate G-6-P from a crude mixture of hexose 
monophosphates obtained by yeast fermentation. Phosphorylation of glucose in the presence of 
hexokinase and acetate kinase with ATP also furnished a route to G-6-P.
[7]
 The phosphorolysis of 
cellobiose to G-1-P which converts to G-6-P by phosphoglucomutase provides yet another 
procedure.
[8]
 Treatment of fructose 1,6-diphosphate with mild acid furnished fructose 6-phosphate 
which is transformed into G-6-P in the presence of glucose phosphate isomerase.
[9]
 Recently, 
bacterial acid phosphatases have been described as an alternative for production of G-6-P.
[10]
 The 
foregoing protocols are of limited value for scale-up because of the expensive enzymes used and the 
degradation of enzymes during the reaction and tedious isolation of the G-6-P from the reaction 
mixture. 
 Lardy and Fischer
[11]
 reported a 3-step protocol for the synthesis of G-6-P starting with 
1,2,3,4-tetra-O-acetyl--D-glucopyranose (TAG). However, synthesis of the key starting material 
TAG is not straightforward and requires several protection-deprotection steps.
[12]
 Other chemical 
methods for the preparation of G-6-P describes the phosphorylation of glucose by phosphorus 
oxychloride,
[13]
 phosphorus pentoxide, or polyphosphoric acid.
[14]
 Unfortunately, direct 
phosphorylation of a polyhydroxy-sugar leads to unsatisfactory low yields and requires extensive 
purification.
[15]
 
 The central role of G-6-P in biology and the increase in demand for industrial applications 
makes it a desirable target for synthesis. Most of the enzymatic approaches need very expensive and 
highly specific enzymes or cofactors, or proceed with low yields. Chemical routes involve extra 
protecting and deprotection steps to phosphitylate selectively the C-6-position. These limitations in 
the access to G-6-P motivated us to develop an efficient route for its synthesis on large-scale 
starting from TAG. 
 A major challenge faced by carbohydrate chemists is to orchestrate selective transformation 
of hydroxyl groups with similar reactivity in a single molecule. Enzyme-catalyzed reactions have 
been successfully utilized in selective deacylation or acylation of sugars and hence have provided 
an effective method of manipulating protecting-group strategies in carbohydrate synthesis.
[16]
 For 
example, Candida rugosa (CRL) and Pseudomonas fluorescens (PFL) lipases afford regioselective 
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hydrolysis of acetylated glycopyranoses and glycopyranosides only in the C-6- and C-1-positions, 
respectively.
[17]
 These results obtained by Guisán and co-workers depend strictly on the use of 
enzyme preparations of PFL and CRL obtained by adsorption on an octyl agarose support. 
However, this reaction is limited to analytical scale because enzymes require purification and 
immobilization and these lipase forms are not commercially available. In another report, the 
esterase from Rhodosporidium toruloides has been used to catalyze the hydrolysis of a series of 
peracetylated -D-hexopyranoses and -D-hexopyranosides. For example, per-acetylated glucose 
has been selectively cleaved at the C-6-position, but the yield of the isolated 6-OH derivative was a 
modest 54%.
[18]
 
 Herein, we present a novel and efficient chemoenzymatic route to obtain G-6-P on a 
preparative scale, where the key step is the lipase-catalyzed regioselective hydrolysis of 1,2,3,4,6-
penta-O-acetyl--D-glucopyranose (2) to furnish TAG. Different commercial lipases have been 
screened and various reaction parameters, such as temperature, co-solvent, and buffer pH are 
studied for yield optimization of TAG. We also propose the rationale for our finding of the enzyme 
selectivity during hydrolysis of 2 using computer-aided molecular modeling. 
 
Results and Discussion 
Synthesis of 1,2,3,4,6-penta-O-acetyl--D-glucopyranose (2) 
In order to develop a direct and concise synthesis of TAG, we needed good quality pentaacetate 2 as 
the starting material. Following a literature protocol, acylation of -D-glucose (1) with acetic 
anhydride in the presence of pyridine furnished 2 in 95% isolated yield (Scheme 1). The structure of 
2 was confirmed by 
1
H NMR, which shows a doublet for the -anomer at 6.39 ppm. However, the 
spectrum also showed a small doublet at 5.69 ppm corresponding to the -hydrogen on the 
anomeric carbon of 2. 
a
1, -D-Glucose 2 ( : 92/8)
a) Ac2O, Py, 0 C-->r.t., 17 h (95%); b) see Table 1 and Table 2
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Scheme 1 
 Integration of the 
1
H NMR signals of compound 2 indicated that it is a mixture of /-
anomers in a ratio of 92:8. The observed 
1
H NMR values are in accordance with the literature 
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report.
[19]
 A commercial sample of 2 also exhibited a similar 
1
H NMR pattern for the -
anomers.
[20]
 
 
Enzymatic hydrolysis studies of 2 
The outcome of the synthesis led us to study the enzymatic hydrolysis of 2 as an anomeric mixture. 
Regioselective hydrolysis of 2 to 3 was carried out with commercial lipases only because of their 
easy access in bulk quantity and reliable activity. Six enzymes [Pseudomonas cepacia lipase (PSL-
C), Candida rugosa lipase (CRL), Candida antarctica lipase A (CAL-A), Candida antarctica lipase 
B (Novozym 435, CAL-B), Chirazyme L-2, and porcine pancreatic lipase (PPL)] were evaluated to 
determine which enzyme gives the best regioselectivity for transformation of 2 to 3. Interestingly, 
hydrolysis of the -mixture of 2 resulted in the non-reactive nature of the -anomer and selective 
hydrolysis of the -anomer. Among the six enzymes tested, CRL afforded the best results where 
hydrolysis of the C-6 or C-4 acetyl group (~1:1) of -2 occurred at 30 °C in 25 mM phosphate 
buffer pH 4 with acetonitrile as co-solvent (20%).
[17]
 In our studies, the use of PSL-C triggered the 
hydrolysis at the C-1 and C-2 positions of 2 furnishing 3,4,6-tri-O-acetyl--D-glucopyranose. 
Various attempts to hydrolyze 2 with CAL-A, CAL-B, PPL, and Chirazyme L-2 indicated that these 
enzymes were completely inert for an extended period of time (5-6 days) with full recovery of the 
unchanged starting materials -anomers (92:8). 
 
Process optimization of CRL mediated hydrolysis of 2 
The success with CRL prompted us to further investigate the influence of temperature and buffer 
pH on the rate and regioselectivity of enzymatic hydrolysis of 2. The increase in temperature from 
30 °C to 60 °C has a dramatic effect on the conversion rate where enzyme activity was totally 
maintain its activity and offer best selectivity toward the hydrolysis of the C-6 acetyl group in 2. 
Modulation of the buffer pH clearly indicates that maximum activity is exhibited around pH 4–5. 
The activity of CRL is compromised at a higher pH resulting in lower conversion rates (entries 5–7, 
Table 1). 
 
Table 1. Hydrolysis catalyzed by CRL of 1,2,3,4,6-penta-O-acetyl--D-glucopyranose (2).a,b 
Entry pH 20% co-solvent T (°C) t (h) conv. (%)
c
 Ratio 3:4
c
 
1 4 CH3CN 30 2 43 48:52 
2 4 CH3CN 40 48 55 66:34 
3 4 CH3CN 50 48 <10 nd 
4 4 CH3CN 60 48 0 sm 
 5 
5 5 CH3CN 40 48 58 64:36 
6 6 CH3CN 40 48 <10 nd 
7 7 CH3CN 40 48 0 sm 
8 4 THF 40 95 0 sm 
9 4 1,4-dioxane 40 27 >97
d
 88:12 
10 4 acetone 40 48 63 91:9 
a
Starting material contains 8% of 1,2,3,4,6-penta-O-acetyl--D-glucopyranose which was recovered 
unchanged. 
b
Enzymatic hydrolysis was carried out in 25 mM phosphate buffer using 20% of co-solvent. 
c
Calculated by 
1
H NMR integration. 
d
Conversion indicated as >97% (±3% by NMR analysis) means that no 
starting material was detected even at high spectrum amplitude. nd: not determined, sm: starting material 
recovered. 
 
 It is well established that the presence of a co-solvent during lipase-mediated hydrolysis 
could influence the outcome of selectivity in a favorable manner. To further increase the selectivity 
of the transformation of 2 to 3, we examined the use of THF, 1,4-dioxane and acetone as co-
solvents. Improved results were obtained with 1,4-dioxane or acetone, whereas THF showed no 
hydrolysis (entries 8–10, Table 1). Use of 1,4-dioxane as a co-solvent offered excellent conversion 
(>97%) of the two regioisomers 3 and 4 in a 88:12 ratio, respectively, in 27 h. Although the use of 
acetone gave slightly better selectivity, the conversion was far too low to be in par with 1,4-
dioxane. 
 
Table 2. Hydrolysis catalyzed by CRL of 1,2,3,4,6-penta-O-acetyl--D-glucopyranose (2)a in 1,4-dioxane.b 
Entry pH T (°C) t (h) conv. (%)
c
 Ratio 3:4
c
 
1 4 40 27 >97
d
 88:12 
2 4 50 88 47 61:39 
3 4 30 48 >97
d
 97:3 
4 4 25 72 >97
d
 92:8 
5 5 30 48 >97
d
 93:7 
6 6 30 48 >97
d
 90:10 
7 3 30 48 62 87:13 
a,b,c,d
For details see footnote of Table 1. 
 
 In anticipation of improving the product ratio, additional experiments were carried out in 
1,4-dioxane as a co-solvent at variable temperature and pH. The results are summarized in Table 2. 
Again, lower reaction temperature (30 °C) and lower buffer pH 4 drove the hydrolysis catalyzed by 
CRL to completion furnishing isomers 3 and 4 in 97:3 ratio, respectively, in 48 h (entry 3, Table 2). 
Compounds 3 and 4 have identical Rf values and their separation by chromatography was not 
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practical. Gratifyingly, isolation of pure 3 via crystallization from a mixture of diethyl ether/n-
hexane (4:1) was possible leaving behind unreacted -anomer of 2 and isomeric 4 in the mother 
liquor. 
 
An improved process for the synthesis of -anomeric 2 and its hydrolysis with CRL 
Our results indicate that CRL is highly regioselective in cleaving the C-6-O-acetyl group only from 
the -anomer in a mixture of -2. We were intrigued by the selective nature of CRL and 
questioned the possible use of pure -anomeric 2 to further improve the yield and isolation of the 
hydrolyzed 3. Our current route for the synthesis of 2 resulted in a mixture of two anomeric 
products (92:8). The use of commercial sample exhibited a similar pattern. This fact encouraged us 
to explore an improved synthesis of 2 where -anomer is the only product. A literature search for 
per-O-acetylation of carbohydrates
[21]
 revealed use of both exotic as well as simple reagents such as 
Er(OTf)3,
[22]
 Ce(OTf)3,
[23]
 HClO4-SiO2,
[24]
 or iodine.
[19,25]
 However, cost, availability, toxicity, and 
difficulty in handling can limit the use of these catalysts on large-scale. In addition, epimerization at 
the anomeric carbon has been of serious concern. Because of these limitations, we decided to 
carefully investigate the current protocol with acetic anhydride in pyridine. We observed that 
lowering the reaction temperature improved the -anomeric ratio. Thus, using 8 equivalents of 
freshly distilled acetic anhydride and lowering the reaction temperature to –10 °C, 1,2,3,4,6-penta-
O-acetyl--D-glucopyranose (-2) was obtained as sole product in 96% yield (Scheme 2). Work-up 
and isolation of the product was easily done by simple precipitation from the reaction mixture 
without a need for further purification. With this simple improvement in place, we had pure -
anomer of 2 in hand for further studies. 
a
1, -D-Glucose
-2
a) Ac2O, Py, -10 C, 17 h (96%)
b) CRL, 25 mMKH2PO4, pH 4, 1,4-dioxane (20%), 30 C, 48 h (95%)
3 + 4
Ratio 95:5
b
scale-up
O
OAc
AcO
AcO
AcO
OAc
 
Scheme 2 
 
 Next, the enzymatic hydrolysis with CRL was set-up with 5 g of pure -D-peracetylated 
glucose (-2) under fully optimized reaction conditions (Scheme 2). After 48 h, we obtained a 
mixture of 3 and 4 (95:5 ratio, respectively) in 95% yield. Clearly, this is an improvement over 
previous conditions where we had a mixture of three products (Scheme 1). However, we were 
puzzled with the formation of 4 in minor amounts despite the selectivity demonstrated by CRL. We 
argued that formation of 4 is due to the acyl group migration and not the CRL promiscuity. 
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Studies related to the confirmation of O–4  O–6 acyl migration in 3 
It is well documented that acyl groups have the propensity to migrate under both acidic or basic 
conditions.
[17b,18]
 Based on this fact, we decided to generate proof for the formation of 4 presumably 
via O–4  O–6 acyl migration in the compound 3. First, we carried out experiments in the absence 
of CRL to assure that the enzyme was not responsible for the acyl migration. 
 
Table 3. Studies on transformation of 3 to 4 via acyl migration in the absence of enzyme.
a
 
Entry co-solvent 3:4
 
 final ratio
b
 
1 1,4-dioxane 86:14 
2 THF 86:14 
3 CH3CN 82:18 
4 acetone 80:20 
a
Reaction conditions: initial ratio 3:4 is 91:9, 25 mM phosphate buffer using 
20% of co-solvent and at 30 °C during 48 h. 
b
Calculated by 
1
H NMR. 
 
 As expected, the results in Table 3 indicated that the acyl group undergoes migration from 
O–4 to O–6 in all co-solvents tested. The rearrangement was slower in 1,4-dioxane and THF 
compared to the acetonitrile and acetone (entries 1-4, Table 3). These experiments were carried out 
with 25 mM phosphate buffer in the presence of the co-solvent. Next, we wanted to better 
understand the role of phosphate buffer in the CRL mediate hydrolysis process. Therefore, we 
designed another set of experiments only with organic solvents. 
 The evaluation of acyl group migration was performed in four organic solvents that were 
used for the prior studies.  No evidence of the O–4  O–6 acyl migration was found in 1,4-dioxane 
or THF (entries 1 and 2, Table 4) determined by 
1
H NMR data. Interestingly, the acyl migration was 
observed in acetonitrile or acetone as a solvent (entries 3 and 4, Table 4). These experiments 
suggest that acyl migration could take place either in organic solvents alone or mixed with the 
phosphate buffer. 
 
Table 4. Studies on transformation of 3 to 4 via acyl migration in the organic solvents
a
 
Entry co-solvent 3:4
 
 final ratio
b
 
1 1,4-dioxane 91:9 
2 THF 91:9 
3 CH3CN 71:29 
4 acetone 87:13 
a
Reaction conditions: initial ratio 3:4 is 91:9, 30 °C during 48 h. 
b
Calculated by 
1
H NMR. 
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Studies related to the confirmation of the selectivity demonstrated by CRL 
Next, we wished to generate clear chemical evidence that the CRL is not responsible for the 
formation of 4.  For this, we synthesized 1,2,3,4-tetra-O-acetyl-6-O-benzoyl--D-glucopyranose (5) 
from 1,2,3,4-tetra-O-acetyl--D-glucopyranose (3) via benzoylation with benzoyl chloride in 
pyridine (Scheme 3). Installation of a 6-O-benzoyl group in 5 allowed us to test the selectivity of 
CRL under a modified chemical environment. Treatment of 5 with CRL under hydrolytic conditions 
provided a mixture of 6-OH and 4-OH derivatives 3 and 4 in a 97:3 ratio, respectively. This 
experiment further confirmed that CRL is able to recognize the 6-position in 5 to afford 3, despite 
of a bulky acyl group. Should CRL be promiscuous in its activity we would have seen the formation 
of 1,2,3-tri-O-acetyl-6-O-benzoyl--D-glucopyranose (6). The later compound was not detected in 
the reaction mixture. 
a
5
a) BzCl, Py, 0 C --> r.t., overnight (88%)
b) CRL, 25 mM KH2PO4, pH 4, 1,4-dioxane (20%), 30 C, 49 h (91%)
Enzymatic
hydrolysis
3
3:97
b
6
O-4        O-6 acetyl migration
+
34
O
OH
AcO
AcO
AcO
OAc
O
OAc
HO
AcO
AcO
OAc
O
OBz
AcO
AcO
AcO
OAc
O
OBz
HO
AcO
AcO
OAc
 
Scheme 3 
 
Further evidence for the selectivity of CRL was demonstrated by enzyme-catalyzed 
hydrolysis of the 
13
C labeled (C-6 position in –2*, Scheme 4) peracetylated -D-glucose. The –
2* was conveniently synthesized by acylation of 3 with 
13
C labeled acetic anhydride in pyridine at 
room temperature. The CRL mediated hydrolysis of –2* furnished a mixture of unlabeled 
compounds 3 and 4 in 96:4 ratio, respectively. Assuming that the CRL was responsible for the 
hydrolysis at the C-4 position, the product in the foregoing reaction should have been the 
13
C 
labeled derivative 4* (Scheme 4). The 
13
C NMR experiment of the reaction mixture confirmed that 
the label was totally absent in the products. Therefore, we propose that the CRL selectively 
transforms 2 or 5 into 3, which undergoes O–4  O–6 acetyl migration furnishing the regioisomer 
4 as a minor by-product. 
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-2*
a) (Me13CO)2O, Py, r.t., 16 h (99%); b) CRL, 25 mM KH2PO4 
pH 4, 1,4-dioxane (20%), 30 °C, 48 h (91%)
Enzymatic
hydrolysis
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96:4
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Scheme 4 
 
In order to decrease the possibility of acetyl migration, we increased the amount of CRL 
during hydrolysis reaction. Indeed, the overall reaction time was reduced from 48 to 24 h but the 
ratio of hydrolyzed products 3 and 4 remain unchanged. This experiment provided additional 
support to our hypothesis that CRL did not trigger the acyl migration during hydrolysis step. 
Recently, Otera and co-workers
[26]
 described a chemical deprotection strategy using 
[
t
Bu2SnOH(Cl)]2 for the synthesis of 3 from 2. Despite of good yield (88%), this protocol has 
severe limitations due to the toxicity of tin and the lack of a commercial source for the organotin 
catalyst. In comparison, our enzymatic protocol allows the synthesis of 3 in high yield through a 
much simpler procedure using a commercial catalyst that is biodegradable and has many 
environmental advantages over other traditional chemical processes. 
 
Phosphorylation studies of 3 leading to synthesis of G-6-P 
With a convenient synthesis of 3 in hand, the stage was set for phosphorylation at the 6-OH group. 
We decided to use a mixture of 3 and 4 (97:3 ratio) assuming that phosphorylation of the C4 
secondary hydroxyl group of the minor impurity will be significantly slower and may not compete 
with the reaction of the primary hydroxyl group in 3. Thus, treatment of the sugars 3 and 4 with 
diphenylchlorophosphate in pyridine and DMAP gave the phosphate 7 in a moderate yield of 58% 
(Scheme 5). The reaction was further optimized by performing phosphorylation in methylene 
chloride as a solvent and Et3N as a base instead of pyridine. Phosphate 7 was formed in 85% 
isolated yield under these conditions. A trace amount of the undesired phosphate 8 was also 
observed. This byproduct was separated easily from 7 by filtration on silica gel followed by 
precipitation in CHCl3/n-hexane. 
 Reductive cleavage of the phenyl groups in the phosphate was carried out by hydrogenolysis 
with platinum (IV) oxide to give deprotected phosphate 9 in quantitative yield. The acetyl groups 
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were removed by saponification with K2CO3 in MeOH, and subsequent treatment with Dowex 50W 
afforded the desired G-6-P 10 in 99% yield. 
 We repeated the synthesis of G-6-P on 10 grams scale following our five-step protocol 
starting from -D-glucose in 77% overall yield. We find this protocol to be very efficient because it 
utilized only one chromatographic step. The 
1
H NMR spectrum of the G-6-P synthesized herein 
showed the distinctive anomeric signal of the – and –anomers at 5.10 and 4.53 ppm, respectively, 
in a 60:40 ratio. This data is in accordance with the literature report and correlated with the 
reference sample purchased from a commercial supplier. 
 
a) ClP(O)(OPh)2, Et3N, CH2Cl2, DMAP, r.t., 6 h (85%)
b) H2, PtO2, MeOH, r.t., 16 h (quantitative)
c) i: K2CO3, MeOH, 0 C, 28 h; ii: Dowex 50Wx4-400, r.t., 30 min (99%)
3:4 (97:3)
a
+
7 8
b
c
O
OP(OPh)2
AcO
AcO
AcO
OAc
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OAc
(PhO)2PO
AcO
AcO
OAc
O
9
O
OP(OH)2
AcO
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O
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OP(OH)2
HO
HO
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Scheme 5 
 
Although the chemical purity of the G-6-P was confirmed by NMR and optical rotation, it 
was important to assure that this product possesses its biochemical activity measured by an 
enzymatic assay.
[28]
 Therefore, our sample of G-6-P was converted by glucose 6-phosphate 
dehydrogenase (EC 1.1.1.49) to 6-phosphogluconolactone following a literature protocol.
[29]
 In this 
experiment, we also compared the activity of our product with three commercial G-6-P samples 
purchased from Sigma, Fluka and Roche (Figure 1). This data provided convincing evidence that 
the G-6-P prepared by our protocol is biologically active. 
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Figure 1. Activity of different commercial G-6-P sources compared with G-6-P synthesized in this study 
(10). 
 
Molecular modeling studies 
The exceptionally high regio- and stereoselectivity observed with the CRL-catalyzed hydrolysis of 
the anomeric mixture of peracetylated D-glucose motivated us to undertake a modeling study of this 
reaction to better understand the results. Thus, we obtained the X-ray structure of the open form of 
CRL (1LPM)
[30]
 from the Protein Data Bank. This structure presents an inhibitor covalently linked 
to the active site. The catalytic triad is formed by residues Glu341–His449–Ser209 and the 
oxyanion hole is formed by the main chain NH groups of residues Gly123, Gly124, and 
Ala210.
[30,31]
 
 To qualitatively explain the regioselectivity of CRL, we modeled phosphonate analogues of 
the key intermediates for hydrolysis of both anomers of peracetylated glucose 2. Both phosphonates 
were able to mimic key features of the intermediates in hydrolysis reactions and allowed the 
computationally simpler molecular mechanics approach to be used. This approach focuses on how 
the substrate fits in the enzyme, but might omit subtle details about the transition state. We started 
with a simplified phosphonate that mimicked the tetrahedral intermediate for the hydrolysis of ethyl 
acetate (Figure 2). Geometry optimization yielded a structure containing all six catalytically 
essential hydrogen bonds in the catalytic site. To model the sugar substrates, we replaced the ethoxy 
moiety with the - or -D-glucose group linked to the phosphonate at 6-position and then added the 
other four acetate groups. We carried out a systematic search in order to identify the catalytically 
productive conformations (see Experimental Section), which we defined as those that: a) contained 
all six catalytically essential hydrogen bonds (a–e, in addition of key hydrogen bond between N of 
His449 and the carboxylate of Glu341) shown in Figure 2; b) avoided steric hindrances between the 
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peracetylated glucose phosphonate and the lipase, and c) avoided internal steric clashes within the 
phosphonate. After several arrangements of the -anomer sugar within the active site of the lipase, 
a model (Figure 3A) in which this substrate perfectly fitted was derived. This model was devoid of 
any steric hindrances and maintained all the six key hydrogen-bond interactions (Figure 3B).
[32]
 The 
sugar was partly shared between the acyl pocket and the alcohol pocket of the lipase, thus an 
additional H-bond was observed between the anomeric carbonyl oxygen and the OH of residue 
Ser450 (Figure 3B, bond f, 2.84 Å).
[33]
 These interactions can fix the sugar substrate in a desirable 
manner to react regioselectively towards the O-6 position. 
 When the -anomer was built and minimized, no single productive conformation was 
obtained. In all structures some of the key H-bond interactions were lost. Finally, we tried to place 
the -anomer structure in a similar way as that for the -anomer (Figure 3C); the substrate moved 
away from the catalytic His449 (b= 3.63 Å, Figure 3D) site and two of the oxyanion key hydrogen 
bonds [c= 2.88 Å, angle (N–H–O)= 117º; e= 3.59 Å, Figure 3D] were lost.[32] 
 
His449
NNH H
Ser209
O
P
O
O
Me
N
H
 
Ala210
a
b
c
d
e
NH Gly124
N
H
Gly123
 
Figure 2. Tetrahedral intermediate phosphonate transition-state analogue used to mimic the hydrolysis of 
ethyl acetate in computer modeling. Key hydrogen bonds between CRL and the tetrahedral intermediate 
analogue are: two from N of His449 to the oxygen atom of Ser209 (a) and the OEt group of the tetrahedral 
intermediate (b), and three from the oxyanion to Ala210 (c), to Gly124 (d), and to Gly123 (e). A sixth key 
hydrogen bond is from N of His449 to the carboxylate of Glu341 (not shown). Further, the OEt group is 
replaced by - or -glucose peracetylated in a stepwise fashion as described in the text. 
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Conclusions 
In conclusion, the route detailed here has proven to be a highly efficient method for the large-scale 
synthesis of D-glucose-6-phosphate. A versatile acetylating method, very useful in carbohydrate 
chemistry has been developed based on lower reaction temperature (-10 °C) and use of freshly 
distilled acetic anhydride. Under these conditions, exclusively 1,2,3,4,6-penta-O-acetyl--D-
glucopyranose was obtained. In addition, the enzymatic hydrolysis of peracetylated -D-glucose 
catalyzed by the commercial Candida rugosa lipase allowed the regioselective deprotection of the 
  
  
Figure 3. Best models of phosphonate analogues for CRL-catalyzed hydrolysis of peracetylated glucose. Residues 
surrounding the active site (Glu208, Gly122, Phe133, Phe296, Ile297, Phe344, Phe345, Ser450, and Ile453) are 
colored dark blue. The oxyanion hole residues Gly123, Gly124, and Ala210 are colored red, green, and yellow, 
respectively. A) Peracetylated -glucose conformation of the phosphonate mimics hydrolysis of the 6-acetate group, 
it places the anomeric acetate carbonyl group close to Ser450 forming an additional hydrogen bond (bond f, in a 
detailed view in panel B), in addition of the key hydrogen bonds (a-e in panel B, a sixth key hydrogen bond between 
Glu341 and His449 is not shown). C) Peracetylated -glucose conformation of the phosphonate does not form the 
same additional hydrogen bond f because of the bad angle [f= 2.82 Å, angle (O–H–O)= 84º], and also loses three key 
hydrogen bonds (bonds b, c, and e; panel D; see text). To allow a better view of the active site, panel A (Phe344 and 
Leu445) and panel C (Phe344) display some amino acids in a line representation. 
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C-6-acetyl group in excellent yield. An acetyl migration from O-4 to O-6 explains the formation of 
the 4-OH deprotected derivative as a minor byproduct. It is worth emphasizing that the preparation 
of G-6-P is accomplished in 77% overall yield from readily available starting material and requires 
only one chromatographic step. This work provides further evidence that the combined use of 
enzymatic and conventional chemical methods offers a convenient alternative to the synthesis of 
biological active molecule with a host of pharmaceutical applications. 
 Results obtained from the molecular modelling study on the enzymatic step are in agreement 
with the observed experimental data. Thus, review of our results indicated that the location of the 
acetyl group in the anomeric position has a strong influence in the reactivity of the enzyme. More 
importantly, the existence of this interaction between the O-1-carbonyl group and Ser450 could 
explain the data obtained when another type of moiety is present in the anomeric position. In this 
sense, it has been described by Terreni et al.
[17b]
 that when the acetyl group in the -anomer is 
changed by a methoxy ether (smaller group) or a butoxy ether (bigger moiety), the CRL-catalyzed 
hydrolysis in the 6-position is accomplished, pointing out again the relevance of the nature of the 
group present at the anomeric carbon. 
 This study constitutes another fine example of how remote interactions can affect the stereo- 
and/or regioselectivity of an enzyme.
[34]
 The key difference between the intermediates obtained for 
both peracetylated anomers of D-glucose is the superior binding of the -intermediate caused at a 
site remote from the reaction center. Such remote binding can lower the free energy of the 
corresponding transition state by favoring a catalytically productive orientation, and at the same 
time disfavoring the intermediate for the observed -anomer. 
 
Experimental Section 
General 
Candida rugosa lipase (CRL, Type VII, 1410 U/mg) was purchased from Sigma. []D values are 
given in 10
-1
 deg cm
2
 g
-1
. 
 
Molecular Modeling 
The program Insight II, version 2000.1, was used for viewing the structures. The geometric 
optimizations and molecular dynamics were performed using Discover, version 2.9.7 (Accelrys, San 
Diego CA, USA), using the AMBER
[35]
 force field. The distance dependent dielectric constant was 
set to 4.0 to mimic the electrostatic shielding of the solvent and the 1-4 van der Waals interactions 
were scaled to 50%. The crystal structure for the CRL (1LPM
[30]
) was obtained from the Protein 
Data Bank (www.pdb.org), and includes a phosphonate. The methodology followed for localization 
of energy minima structures by means of a systematically search has been described elsewhere (also 
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see Electronic Supplementary Information).
[36]
 Protein structures in Figure 3 were generated using 
PyMOL 0.99.
[37]
 
 
1,2,3,4,6-Penta-O-acetyl-D-glucopyranose (2). 
Acetic anhydride (12 mL, 0.13 mol) was added drop wise to a stirred solution of -D-glucose (3.0 
g, 17 mmol) in anhydrous pyridine (30 mL) at 0 °C. After stirring at room temperature for 17 h, the 
solvent was evaporated under vacuum, and the residue was purified by flash chromatography 
(EtOAc/n-hexane 1:2) to afford 6.2 g of 2 (ratio ) as a white solid (95% yield). 1H NMR 
(CDCl3, 300 MHz): δ 2.01-2.18 (several s, 30H, 10CH3 α anomer and β anomer), 3.81-3.86 (m, 1H, 
H-5 β anomer), 4.05-4.15 (m, 3H, H-5+H-6 α anomer, H-6 β anomer), 4.25 (dd, 2H, H-6 α anomer, 
2
JHH 12.4, 
3
JHH 4.1 Hz, and H-6 β anomer), 5.10 (dd, 2H, H-2 α anomer, 
3
JHH 10.2, 
3
JHH 3.5 Hz, and 
H-2 β anomer), 5.14 (t, 2H, H-4 α anomer, 3JHH 9.8 Hz, and H-4 β anomer), 5.24 (t, 1H, H-3 β 
anomer, 
3
JHH 9.2 Hz), 5.47 (t, 1H, H-3 α anomer, 
3
JHH 9.9 Hz), 5.69 (d, 1H, H-1 β anomer, 
3
JHH 8.1 
Hz), 6.39 (d, 1H, H-1 α anomer, 3JHH 3.8 Hz). 
 
1,2,3,4,6-Penta-O-acetyl--D-glucopyranose (-2).[17a] 
Freshly distilled acetic anhydride (12 mL, 0.13 mol) was added drop wise to a stirred solution of -
D-glucose (3.0 g, 17 mmol) in anhydrous pyridine (15 mL) at -10 °C, and the stirring continued at 
the same temperature for 17 h. After addition of ice into the reaction mixture a powdery white solid 
precipitated. Filtration of the solid affords 6.3 g of -2 (96% yield). Rf (EtOAc): 0.64; mp 110-112 
ºC; []D
20
 +101 (c 1.0 in CHCl3); IR (KBr): υ 2940, 2875 and 1753 cm
-1
; 
1
H NMR (CDCl3, 300 
MHz):  2.03 (s, 3H, CH3), 2.05 (s, 3H, CH3), 2.07 (s, 3H, CH3), 2.10 (s, 3H, CH3), 2.19 (s, 3H, 
CH3), 4.08-4.15 (m, 2H, H-5+H-6), 4.28 (dd, 1H, H-6, 
2
JHH 12.6, 
3
JHH 4.2 Hz), 5.11 (dd, 1H, H-2, 
3
JHH 10.1, 
3
JHH 3.7 Hz), 5.14 (t, 1H, H-4,
 3
JHH 9.6 Hz ), 5.48 (t, 1H, H-3, 
3
JHH 9.6 Hz), 6.33 (d, 1H, 
H-1, 
3
JHH 3.7 Hz); 
13
C NMR (CDCl3, 75.5 MHz): δ 20.3 (CH3), 20.4 (CH3), 20.5 (CH3), 20.6 (CH3), 
20.7 (CH3), 61.3 (CH2), 67.8 (C-4), 69.1 (C-2), 69.7 (C-3+C-5), 88.9 (C-1), 168.6 (C=O), 169.3 
(C=O), 169.5 (C=O), 170.1 (C=O), 170.5 (C=O); MS (ESI
+
, m/z): 413 [(M+Na)
+
, 100%]. 
 
Enzymatic hydrolysis of -2. 
A mixture of -2 (5.0 g, 12.81 mmol), Candida rugosa lipase (2.5 g), and 25 mM phosphate buffer 
pH 4 which contain 20% of 1,4-dioxane (600 mL) was stirred (250 rpm) at 30 °C during 48 h. The 
progress of the reaction was monitored by TLC (EtOAc). The suspension was filtered on celite, the 
enzyme washed with 1,4-dioxane and EtOAc, and the residue extracted with EtOAc. Solvents were 
evaporated under vacuum, and the residue analyzed by 
1
H NMR, which indicated a 3:4 ratio of 
 16 
95:5. No further purification was necessary. Yield: 95% (4.2 g). Pure regioisomer 3 can be isolated 
by crystallization in diethyl ether/n-hexane (4:1). 
1,2,3,4,6-Penta-O-acetyl-D-glucopyranose [6-O-acetyl-1´-
13
C] (-2*). 
Acetic anhydride-1,1´-
13
C2 (122 μL, 1.29 mmol) was added drop wise to a stirred solution of 
1,2,3,4-tetra-O-acetyl--D-glucopyranose (300 mg, 0.86 mmol) in anhydrous pyridine (1 mL) at 0 
°C. After stirring at room temperature for 16 h, the solvent was evaporated under vacuum, and the 
residue was purified by flash chromatography (EtOAc/n-hexane 1:2) to afford 335 mg of -2* as a 
white solid (99% yield). Rf (EtOAc): 0.64; 
1
H NMR (CDCl3, 600 MHz):  2.00 (s, 3H, CH3), 2.02 
(s, 3H, CH3), 2.03 (s, 3H, CH3), 2.08 (d, 3H, CH3, 
2
JHC 7.0 Hz), 2.17 (s, 3H, CH3), 4.08-4.13 (m, 
2H, H-5+H-6), 4.25 (dt, 1H, H-6, 
2
JHH 12.1, 
3
JHH 4.2 Hz), 5.09 (dd, 1H, H-2, 
3
JHH 10.3, 
3
JHH 3.7 
Hz), 5.13 (t, 1H, H-4,
 3
JHH 9.8 Hz), 5.46 (t, 1H, H-3, 
3
JHH 9.8 Hz), 6.32 (d, 1H, H-1, 
3
JHH 3.7 Hz); 
13
C NMR (CDCl3, 150.5 MHz): δ 20.3 (CH3), 20.4 (CH3), 20.5 (CH3), 20.6 (CH3), 20.7 (d, CH3, 
2
JCC 59 Hz), 20.8 (CH3), 61.3 (CH2), 67.8 (C-4), 69.1 (C-2), 69.7 (C-3+C-5), 88.9 (C-1), 168.6 
(C=O), 169.3 (C=O), 169.6 (C=O), 170.1 (C=O), 170.5 (
13
C=O); MS (ESI
+
, m/z): 414 [(M+Na)
+
, 
100%]. 
 1,2,3,4-Tetra-O-acetyl--D-glucopyranose and 1,2,3,6-Tetra-O-acetyl--D-
glucopyranose (3/4). Hygroscopic white solid.
 1
H NMR (CDCl3, 300 MHz): δ 2.01 (s, 3H, CH3
 
of 
3), 2.04 (s, 3H, CH3 of 3
 
), 2.07 (s, 3H, CH3 of 3), 2.11 (s, 3H, CH3 of 4), 2.13 (s, 3H, CH3 of 4), 
2.17 (s, 3H, CH3 of 3), 3.58 (dd, 2H, H-6 of 3, 
2
JHH 12.7, 
3
JHH 4.1 Hz, and H-4 of 4), 3.72 (dd, 1H, 
H-6 of 3, 
2
JHH 12.7, 
3
JHH 2.3 Hz), 3.92 (ddd, 2H, H-5 of 3, 
3
JHH 10.2; 
3
JHH 4.1, 
3
JHH 2.2 Hz, and H-5 
of 4), 4.25 (dd, 1H, H-6 of 4, 
2
JHH 12.6, 
3
JHH 2.3 Hz), 4.51 (dd, 1H, H-6 of 4, 
2
JHH 12.6, 
3
JHH 3.7 
Hz), 5.07 (dd, 2H, H-2 of 3, 
3
JHH 10.2, 
3
JHH 3.7 Hz, and H-2 of 4), 5.10 (t, 1H, H-4 of 3, 
3
JHH 9.9 
Hz), 5.33 (t, 1H, H-3 of 4, 
3
JHH 10.1 Hz), 5.52 (t, 1H, H-3 of 3, 
3
JHH 9.9 Hz), 6.29 (d, 1H, H-1 of 4, 
3
JHH 3.7 Hz), 6.34 (d, 1H, H-1 of 3, 
3
JHH 3.7 Hz). 
 1,2,3,4-Tetra-O-acetyl--D-glucopyranose (3).[17a] White solid. Rf (EtOAc): 0.25; mp 102-
105 ºC, []D
20
 +117 (c 1.1 in CHCl3); IR (KBr): υ 3501, 2962 and 1752 cm
-1
; 
1
H NMR (CDCl3, 300 
MHz):  2.00 (s, 3H, CH3), 2.02 (s, 3H, CH3), 2.06 (s, 3H, CH3), 2.16 (s, 3H, CH3), 3.57 (dd, 1H, 
H-6, 
2
JHH 12.6, 
3
JHH 4.3 Hz), 3.71 (dd, 1H, H-6, 
2
JHH 12.6, 
3
JHH 2.4 Hz), 3.91 (ddd, 1H, H-5, 
3
JHH 
10.3, 
3
JHH 4.1, 
3
JHH 2.2 Hz), 5.06 (dd, 1H, H-2, 
3
JHH 10.3, 
3
JHH 3.7 Hz), 5.10 (t, 1H, H-4, 
3
JHH 9.5 
Hz), 5.50 (t, 1H, H-3, 
3
JHH 9.9 Hz), 6.33 (d, 1H, H-1, 
3
JHH 3.7 Hz); 
13
C NMR (CDCl3, 75.5 MHz): δ 
20.3 (CH3), 20.4 (CH3), 20.5 (CH3), 20.7 (CH3), 60.7 (CH2), 68.1 (C-4), 69.2 (C-2), 69.5 (C-3), 
72.0 (C-5), 89.0 (C-1), 169.0 (C=O), 169.6 (C=O), 170.0 (C=O), 170.1 (C=O); MS (ESI
+
, m/z): 471 
[(M+Na)
+
, 100%]. 
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1,2,3,4-Tetra-O-acetyl-6-O-benzoyl--D-glucopyranose (5). 
Benzoyl chloride (34 L, 0.293 mmol) was added drop wise to a solution of 3 (102 mg, 0.293 
mmol) in anhydrous pyridine (0.5 mL) at 0 °C. After stirring at room temperature for overnight, the 
solvent was evaporated under vacuum, and the residue subjected to flash chromatography 
(EtOAc/n-hexane, 2:1), affording 5 as a white solid (116 mg, 88% yield). Rf (50% n-
hexane/EtOAc): 0.43; mp 125-127 ºC; []D
20
 +99 (c 1.1 in CHCl3); IR (KBr): υ 3063, 2940, 1757 
and 1724 cm
-1
; 
1
H NMR (CDCl3, 600 MHz):  2.03 (s, 3H, CH3), 2.04 (s, 3H, CH3 ), 2.05 (s, 3H, 
CH3 ), 2.19 (s, 3H, CH3 ), 4.23-4.28 (m, 1H, H-5), 4.39 (dd, 1H, H-6, 
2
JHH 12.2, 
3
JHH 3.9 Hz), 4.49 
(dd, 1H, H-6, 
2
JHH 12.4, 
3
JHH 2.4 Hz), 5.12 (dd, 1H, H-2, 
3
JHH 10.1, 
3
JHH 3.8 Hz), 5.25 (t, 1H, H-4, 
3
JHH 9.9 Hz), 5.52 (t, 1H, H-3, 
3
JHH 9.8 Hz), 6.36 (d, 1H, H-1, 
3
JHH 3.8 Hz), 7.44 (t, 2H, H-m, 
3
JHH 
7.3 Hz), 7.56 (t, 1H, H-p, 
3
JHH 7.5 Hz), 8.04 (d, 2H, H-o, 
3
JHH 7.8 Hz); 
13
C NMR (CDCl3, 150.5 
MHz): δ 20.4 (CH3), 20.5 (CH3), 20.6 (CH3), 20.8 (CH3), 61.9 (CH2), 68.2 (C-4), 69.2 (C-2), 69.8 
(C-3+C-5), 89.0 (C-1), 128.4 (C-m), 129.4 (C-i), 129.7 (C-o), 133.2 (C-p), 166.1 (Ph-C=O), 168.7 
(C=O), 169.3 (C=O), 169.6 (C=O), 170.2 (C=O); MS (ESI
+
, m/z): 475 [(M+Na)
+
, 100%]. 
 
Enzymatic hydrolysis of 5. 
A mixture of 5 (48.3 mg, 0.107 mmol), Candida rugosa lipase (24 mg), and 25 mM phosphate 
buffer pH 4 which contain 20% of 1,4-dioxane (6 mL) was stirred (250 rpm) at 30 °C during 49 h. 
The suspension was filtered on celite, the enzyme washed with 1,4-dioxane and EtOAc, and the 
residue extracted with EtOAc. The combined organic layers were washed with aqueous NaHCO3. 
Solvents were evaporated under vacuum, and the residue analyzed by 
1
H NMR, which indicated a 
3:4 ratio of 97:3. Yield: 91% (34 mg). 
 
1,2,3,4-Tetra-O-acetyl-6-O-diphenyloxyphosphoryl--D-glucopyranose (7). 
Diphenyl chlorophosphate (1.7 mL, 8.31 mmol), Et3N (1.2 mL, 8.31 mmol), and a catalytic amount 
of DMAP were added to a solution of 3/4 [(ratio  95/5), 2.41 g, 6.92 mmol) in anhydrous 
CH2Cl2 (43 mL). The mixture was stirred at room temperature for 6 h. MeOH (3 mL) was added 
and after 30 min of additional stirring, solvents were evaporated under vacuum. The yellow-orange 
residue was filtered through a short column of silica gel (EtOAc/n-hexane, 2:3), and the resulting 
white solid (mixture of 7/8) was dissolved in CHCl3 and precipitated in n-hexane to afford 3.5 g of 
7 (85% yield). 7: Rf (50% n-hexane/EtOAc): 0.26; mp 97-100 ºC; []D
20
 +74 (c 1.1 in CHCl3); IR 
(KBr): υ 3054, 2965, 1738 and 1590 cm-1; 1H NMR (CDCl3, 400 MHz):  1.99 (s, 3H, CH3), 2.01 
(s, 3H, CH3), 2.02 (s, 3H, CH3), 2.11 (s, 3H, CH3), 4.12-4.38 (m, 3H, H-5+2H-6), 4.97 (dd, 1H, H-
2, 
3
JHH 10.2, 
3
JHH 3.7 Hz), 5.08 (t, 1H, H-4, 
3
JHH 10.1 Hz), 5.44 (t, 1H, H-3, 
3
JHH 9.8 Hz), 6.25 (d, 
1H, H-1, 
3
JHH 3.8 Hz), 7.19-7.34 (m, 10H aromatics); 
13
C NMR (CDCl3, 100.6 MHz): δ 20.3 (CH3), 
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20.4 (CH3), 20.5 (CH3), 20.7 (CH3), 66.4 (d, CH2, 
2
JCP 5.2 Hz ), 67.8 (C-4), 68.9 (C-2), 69.7 (C-3), 
70.2 (d, C-5, 
3
JCP 6.9 Hz), 88.7 (C-1), 119.9 (apparent t, C-o, 
3
JCP 4.7 Hz ), 125.4 (C-p); 129.7 (C-
m); 150.2 (d, C-i, 
2
JCP 4.6 Hz); 168.5 (C=O), 169.2 (C=O), 169.4 (C=O), 170.1 (C=O); 
31
P NMR 
(CDCl3, 162.0 MHz): δ -11.99; HRMS (EI): Calcd for C26H29O13P (M
+
): 580.13458. found 
580.13459. 8: Rf (50% n-hexane/EtOAc): 0.39; []D
20
 +40 (c 1.7 in CHCl3); IR (NaCl): υ 2960 and 
1756 cm
-1
; 
1
H NMR (CDCl3, 400 MHz):  1.87 (s, 3H, CH3), 1.96 (s, 6H, 2CH3), 2.14 (s, 3H, CH3), 
4.07-4.14 (m, 2H, H-5+H-6), 4.25 (apparent d, 1H, H-6, 
2
JHH 11.4 Hz), 4.81 (c, 1H, H-4, 
3
JHH 9.4 
Hz), 5.04 (dd, 1H, H-2, 
3
JHH 10.2, 
3
JHH 3.8 Hz), 5.61 (t, 1H, H-3, 
3
JHH 9.8 Hz), 6.28 (d, 1H, H-1, 
3
JHH 3.6 Hz), 7.12-7.31 (m, 10H aromatics); 
13
C NMR (CDCl3, 100.6 MHz): δ 20.1 (CH3), 20.3 
(CH3), 20.5 (CH3), 20.6 (CH3), 61.2 (CH2), 69.1 (C-2), 69.4 (C-3), 69.9 (d, C-5, 
3
JCP 6.2 Hz), 73.3 
(d, C-4, 
2
JCP 4.3 Hz), 88.6 (C-1), 119.6 (apparent t, C-o, 
3
JCP 5.5 Hz ), 125.4 (C-p); 129.6 (C-m); 
149.9 (d, C-i, 
2
JCP 5.3 Hz); 150.0 (d, C-i, 
2
JCP 5.6 Hz); 168.3 (C=O), 169.3 (C=O), 169.8 (C=O), 
170. (C=O); 
31
P NMR (CDCl3, 162.0 MHz): δ -12.61; MS (ESI
+
, m/z): 581 [(M+H)
+
, 19%], 603 
[(M+Na)
+
, 100%] and 619 [(M+K)
+
, 55%]. 
 
1,2,3,4-Tetra-O-acetyl--D-glucopyranosyl-6-phosphoric acid (9). 
A solution of 7 (2.29 g, 3.95 mmol) in anhydrous MeOH (23 mL) was added to a flask containing 
PtO2 (445 mg, 1.96 mmol) and stirred under a positive pressure of hydrogen (balloon). The 
suspension was stirred for 16 h at room temperature. Then, the mixture was filtered on celite and 
concentrated to give 9 as a white solid in quantitative yield (1.69 g). The crude was sufficiently pure 
for the next step. []D
20
 +91 (c 0.8 in MeOH); IR (KBr): υ 3423 and 1638 cm-1; 1H NMR (MeOH-
d4, 300 MHz):  2.15 (s, 3H, CH3), 2.17 (s, 6H, CH3), 2.27 (s, 3H, CH3), 2.37 (s, 3H, CH3), 4.16-
440 (m, 3H, H-5+2H-6), 5.25 (dd, 1H, H-2, 
3
JHH 10.2, 
3
JHH 3.4 Hz), 5.34 (t, 1H, H-4, 
3
JHH 9.3Hz), 
5.63 (t, 1H, H-3, 
3
JHH 9.8 Hz), 6.49 (d, 1H, H-1, 
3
JHH 3.4 Hz); 
13
C NMR (MeOH-d4, 75.5 MHz); δ 
20.3 (CH3), 20.6 (2CH3), 20.7 (CH3), 65.6 (CH2), 69.4 (C-4), 70.7 (C-2), 71.3 (C-3), 71.9 (C-5), 
90.1 (C-1), 170.6 (C=O), 171.1 (C=O), 171.3 (C=O), 171.7 (C=O); 
31
P NMR (MeOH-d4, 121.5 
MHz): δ 0.22; MS (ESI+, m/z): 429 [(M+H)+, 5%], 451 [(M+Na)+, 38%] and 619 [(M+K)+, 23%]. 
 
D-Glucose-6-phosphate (10). 
Potassium carbonate (387 mg, 2.80 mmol) was added to a solution of 9 (1 g, 2.34 mmol) in 
anhydrous MeOH (40 mL) at 0 °C. After being stirred for 28 h at 0 °C a precipitate was observed, 
which was isolated by filtration. The white solid was dissolved in water and Dowex 50Wx4-400 
(H
+
 form) was added. The mixture was stirred for 30 min, the resin was filtered, and the filtrate 
evaporated to afford 602 mg of 10 (99 % yield) (ratio  []D
20
 +24 (c 1.1 in D2O); 
1
H 
NMR (D2O, 400 MHz):  3.10 (t, 1H, H-2 β anomer, 
3
JHH 8.1 Hz), 3.31-4.11 (m, 11H), 4.53 (d, 1H, 
 19 
H-1 β anomer, 3JHH 7.9 Hz), 5.10 (d, 1H, H-1 α anomer, 
3
JHH 3.5 Hz); 
13
C NMR (D2O, 100.6 MHz); 
66.8 (C-6 α anomer and β anomer), 70.2, 72.3 (d, JCP 8.1 Hz), 73.6, 74.8, 76.2, 76.6 (d, JCP 8.1 Hz), 
77.7, 94.4 (C-1 α anomer), 98.2 (C-1 β anomer); 31P NMR (D2O, 162.0 MHz): δ 0.79; MS (ESI

, 
m/z): 259 [(M-H)

, 100%]. 
 
Supporting Information Available 
General spectroscopic and experimental data, and molecular modeling calculations description are 
shown. Furthermore, copies of 
1
H, 
13
C, DEPT, and 
31
P NMR spectra in addition of some 2D NMR 
experiments are included. 
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A concise chemoenzymatic synthesis 
of glucose-6-phosphate is described. 
Candida rugosa lipase was found to 
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and stereoselective deacetylation of 
the primary hydroxyl group in the 
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overall yield and the easy scalability 
makes this chemoenzymatic strategy 
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Furthermore, molecular modeling of 
phosphonate transition-state analogue 
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